354	MACHINE DESIGN.
to be, therefore the normal to the tooth surfaces at their point of contact will always pass through be, and the condition for constant velocity ratio transmission is fulfilled. But these curves are precisely the epicycloid and hypocycloid that would be drawn by the point M in the generating circle, by rolling on the outside of b and inside of c. Obviously, then, the epicycloids and hypocycloids generated in this way, used as tooth profiles, will transmit a constant velocity ratio.
This proof is independent of the si/A4 of the generating circle, and its diameter may therefore equal the radius of r. Then, the hypocycloids generated by rolling within c would be straight lines coinciding with tin* radius of e. In this ca.se the flanks of the teeth of c become radial lines, and therefore the teeth are thinner at the base than at the pitch line; for this reason they are weaker than if a smaller generating circle* had been used. All tooth curves generated with the same general ing circle will work together, the pitch being the same. It is therefore' necessary to use the same generating circle for a set of gears which need to interchange*
The describing circle may be made still larger. In the first case the curves described have their convexity in the same direction, i.e., they lie on the same side of a, common tangent. When the diameter of the describing circle is made equal to the radius of c, one curve becomes a straight line tangent to the other curve. As the describing circle becomes still larger, the curves have their convexity in opposite directions. As the circle approximates equality with c, the hypocydoid in e grows shorter, and finally when the describing circle equals f, it becomes a point which is the generating point in r, which is now the generating circle. If this point could be replaced by a pin having no sensible diameter, it would engage with the epicycloid generated by it in the other gear to transmit a constant velocity ratio. But a pin without
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